solving tec'hnicpein a thermodynamics course. bur main point is that the student must do hisfher own learning; the instructor is only there to facilitate this learning process. The theoretical background for the instructional design of this program has been described previously (1) (2) (3) . In this paper, we will discuss only the most important new aspects and results as they relate to the experimental courses.
The System of Heuristics
The Program of Actions and Methods (PAM) for solving prohlems (described in Part I) describes desired actions. I t is onlv an intermediate product in course construction that must I,r translated into a system of directwna to be useiul in a d \ . i t~z r~n,hlems The contenr of t h w directions is essentially .~n~~l a r to PAM, hut there may be considerable functional differences in form and wording.
Fieure 1 contains; survev of such a svstem of directions for actions. SAP Chart and SAP Worksheet SAP is exolained to the students in several ways. The most important explanation is done by the SAP chart. On this chart, a survey of all heuristics is condensed to one page. In the lectures, these heuristics are illustrated by problems used as examples. The teacher uses the heuristics regularly when explaining concepts and laws in the lectures.
After the explanation of the subject matter and heuristics in the lectures, students divide into groups of about 20 and work on problems with the help of the teacher. Much of the instruction at our university follows such a pattern of large group lectures (about 8 or more students) and small group work.
As far as it is possible, students do the assigned problems in complete accordance with the heuristics. A special worksheet form is used which utilizes catchwords to key the student checks their work. eives directions and exnlanation as neces-
sary. He avoids, however, showing the students how to do the oroblem. In eeneral. students can work reasonahlv well on their own, hGause they are guided by the heuristics.
The use of such worksheets allows the teacher to observe closely the student work. Consequently, the teacher is able to give precise feedback at an early phase. Besides correcting mistakes, the teacher also comments on the learning process of the students, ex., when part of the systematic approach is omitted prior to total understanding. AS the course proceeds, the students continually execute parts of SAP faster and more automatically. This is, in fact, the intention, but every time new subject matter is introduced, the pace is slowed in order to enable the new elements to he integrated carefully into the system.
Key Relations
As indicated in phase 2 of PAM, the core of the problemsolving process is linking up unknown and data using relationships between quantities. These relationships in science and technolow usually result from laws, formulas, definitions, etc. Such qu&titative relationships are referred to as 'relations.' An important part of all instruction is the derivation and explanation of such relations. In order to be able to use these relations in solving problems, the student must have a t his disposal such relations. Those relations that are particularly necessary as starting points are called key relations. The number of key relations are kept as small as possible. Key relations are formulated in a way to insure their usefulness in the transformation of the oroblem.
The key relations for a specific subject and the conditions for their validitv are written on KR charts. By the continuous use of these charts, it is easier for the studentto memorize the relations and recall them as he needs them in solving problem situations. An example of a KR chart is given in Figure 3 .
After a few lectures on a given topic, the students are asked to design a KR chart for that topic. Before they start working problems in the small groups, the teacher discusses their proposed designs. He then hands out his own KR chart and, if necessary, comments on differences between the two.
Students use KR charts continuously during the problem-solving exercise and the teacher refers to these charts regularly when giving feedback. In this way, the students survey the core of the subject matter and use this survey to begin to master it. They also learn to obtain an important study skill. Tests During the course, students also do problems under examination conditions, i.e. without the help of the teacher, another student. or studv materials, and under pressure of solved and, if necessary, mistakes that have been made. In the group meeting after the test, these remarks are briefly discussed, if necessary. Then, under close supervision, the students who have shown insufficient mastery of the preceding subject matter to be able to grasp the next topic are assigned additional exercises relating to that subject. In the meantime, the other students work almost independently on problems on the next topic. With this test feedback system, we try to check and improve the mastery of a subject before proceeding to the next. The tes,ts are taken on SAP worksheets and are not graded. Figure 4 gives a clear picture of the instructional system used; procedures are matched in this matrix with the instructional functions they impart. The functions described in Figure 4 are deduced from the phases of the learning process the student should complete. This is based on the theory of learning and instruction of Gal'perin (4).
Functions of Instructional Procedures
The instructional functions can be realized in several ways. We believe that realization of a function (i.e., the guarantee that the learning process takes place as planned) is more important than the specific pathway used iprocedures and materials). For the realization of functions, the experience of teachers is very important, so we selected proce&ures which differed as little as possible from the usual procedures used by the teachers in our university. The black dots in Figure 4 give a description of the experimental courses we developed and not necessarily the optimal general choice.
Results
The plan c8i initructitm ha. Iwen tried ,gut in several ruursei ~~I'Ther~ncdvnamics 1 and l l The I'A\l described l i avdicahle in both courses, with only minor changes. The learning results show im~ortant im~rovements. both in mean scores on exams and in the quality bf problem:solving actions and methods.
The mean exam scores of the experimental courses Thermodynamics I and 1 1 are cornparedkith the results of similar non-experimental classes (Fig. 5) .
~e c a b s e of the variation in-entrance qualification for students of different years, we used analysis of covariance to assess the effect of the changes. It appears to he significant (at the 5% level) for both courses. Analysis of the exams for both courses on the type of mistakes made by the students shows that there is significant (at the 5% level) difference on PAM until the selection of relations, on PAM until the transformation to a standard problem, and on PAM as a whole. The time students devote to the course does not remarkably differ between the experimental and non-experimental courses. In general, both students and teachers are pleased with the experimental course.
Similar, same or even greater differences in mean exam score are found in the Electricity and Magnetism course using a similar approach (5). A laboratory course, in which students learn to methodically plan and execute research in chemistry, 1975 1976 1977 1978 1979 A grant from the Dutch Ministry of Education supported this research. 
